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^ Macro instru ction extensions of compiler lang uages 
M. Douglas Mcllroy 

April 1960 Communications of the ACM, volume 3 issue 4 
Publisher: ACM Press 

Full text available: pdf( 831.69 KB ) Additional Information; full citation , abstract, references , citin gs 

Macroinstruction connpilers constructed from a small set of functions can be made 
extremely powerful. In particular, conditional assembly, nested definitions, and 
parenthetical notation serve to make a compiler capable of accepting very general 
extensions to its ground language, 

2 Macro processin g in h i gh-level lang ua ges 
Alexander Sakharov 
V November 1992 ACM SIGPLAN Notices, volume 27 issue ii 

Publisher: ACM Press 

Fuli'text available: 'Q pdf(709.71 KB) Additional Information: full citation , abstract , index terms 

A macro language is proposed. It enables macro processing in high-level programming 
languages. Macro definitions in this language refer to the grammars of the respective 
programming languages. These macros introduce new constructs in programming 
languages. It is described how to automatically generate macro processors from macro 
definitions and programming language grammars written in the lex-yacc format. 
Examples of extending high-level languages by means of macros are given. 


3 A model of extensi ble language syst ems 
M. G. Notley 

September 1971 ACM SIGPLAN Notices , Proceedings of the international symposium 

on Extensible languages, volume 6 issue 12 
Publisher: ACM Press 

Full text available: 'g] pdf( 333 . 35 KB ) Additional Information: f ul l c itation, a bst ract, citings, ind ex terms 

At the present time the subject of extensible languages appears to suffer from the lack of 
any central coherent framework to knit together the many pieces of Individual work that 
are being done. This paper is an attempt, therefore, to fill that lack. What appears to be 
required is some central conceptual model or paradigm of languages and language 
extensibility onto which framework we can hang all these pieces of work. This paper, 
therefore, contains of four main point ... 
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^ Growin g l an guage s with me t am or ph i c syntax ma c ros 
Claus Brabrand, Michael I. Schwartzbach 

January 2002 ACM SIGPLAN Notices , Proceedings of the 2002 ACM SIGPLAN 
worl<shop on Partial evaluation and semantics-based program 
manipulation PEPM '02, volume 37 issue 3 
Publisher: ACM Press 

Full text available:^ pdf(21 7.81 KB ) Additional Information: full c it atio n, abstract , references, cjtjngs 

"From now on, a main goal in designing a language should be to plan for growth. " Guy 
Steele: Growing a Language, OOPSLA '98 invited talk.VJe present our experiences with a 
syntax macro language which we claim forms a general abstraction mechanism for 
growing (domain-specific) extensions of programming languages. Our syntax macro 
language is designed to guarantee type safety and termination, A concept of 
metamorphisms allows the arguments of a macro to be inductively def ... 

5 Maya: multiple-dis patch s yntax extension in Java 
^ Jason Baker, Wilson C. Hsieh 

^ May 2002 ACM SIGPLAN Notices , Proceedings of the ACM SIGPLAN 2002 Conference 
on Programming language design and implementation PLDI *02, volume 37 
Issue 5 
Publisher: ACM Press 

Full text available' "p^ pdf(1 52 75 KB) ^^^'^'o^^^l Information: full citation, abstract, references , citings, index 
■ [Aj : terms 

We have designed and implemented Maya, a version of Java that allows programmers to 
extend and reinterpret its syntax. Maya generalizes macro systems by treating grammar 
productions as generic functions, and semantic actions on productions as multimethods 
on the corresponding generic functions. Programmers can write new generic functions 
(i.e., grammar productions) and new multimethods (i.e., semantic actions), through 
which they can extend the grammar of the language and change the semantics of ... 

Keywords: Java, generative programming, macros, metaprogramming 


^ Com posable and compilable macros you wan t It when ? 
^ Matthew Flatt 

V September 2002 ACM SIGPLAN Notices , Proceedings of the seventh ACM SIGPLAN 

international conference on Functional programming ICFP '02, volume 

37 Issue 9 

Publisher: ACM Press 

Additional Information: full citation , abstract , references , citin gs, index 


Full text available: rapdf d 62.46 KB) 

^ ter ms 

Many macro systems, especially for Lisp and Scheme, allow macro transformers to 
perform general computation. Moreover, the language for implementing compile-tlme 
macro transformers is usually the same as the language for implementing run-time 
functions. As a side effect of this sharing, implementations tend to allow the mingling of 
compile-time values and run-time values, as well as values from separate compilations. 
Such mingling breaks programming tools that must parse code without executing i ... 

Keywords: language tower, macros, modules 


7 A brief look at extensio n programming before and now 
Liisa Raiha 

>^ February 1995 ACM SIGPLAN Notices, volume 30 issue 2 
Publisher: ACM Press 
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We try to bind together sonne old and some new: what is an extension. In addition, we 
give a short analysis of extension facilities in three language systems with slightly 
different theoretical basis. We compare Ada 9x, Oberon and Macro Language, with 
additional comments to e.g., C+ + . 

Hyg ienic macro expansion 

Eugene Kohlbecker, Daniel P. Friedman, Matthias Felleisen, Bruce Duba 

August 1986 Proceedings of the 1986 ACM conference on LISP and functional 

programming LFP '86 
Publisher: ACM Press 

Full text available: 'glpdfty ez . 2 3 KB ) Additional Information: full citat ion, references, citi n gs 


® Staging : Ass imila ti ng M et aBorg:: enn bedding language to o ls in languages 
Jonathan Riehl 

^ October 2006 Proceedings of the 5th international conference on Generative 
programming and component engineering GPCE '06 

Publisher: ACM Press 

Full text available:^ pdff174.54 KB) Additional Information: full citation, absjract. ref erences , index terms 

The MetaBorg usage pattern allows concrete syntax to be associated with application 
programmer interfaces (API's). Once a concrete syntax is defined, library writers use the 
Stratego language to write transformations from the concrete syntax to API data and calls 
in the host language. The result is a compile time translator from the combined host and 
domain languages to the host language. This translator is not programmable at compile 
time, and little or none of the infrastructure can be leverag ... 

Keywords: MetaBorg, SDF, concrete syntax macros, extensible syntax, self application, 
staged multi--language programming, stratego 


° A lan guag e independent mac ro processo r 
^ William M, Waite 

>^ July 1967 Communications of the ACM, volume lo issue i 
Publisher: ACM Press 

Full text available: '^pdfn .06 MB) Additional Information: full citation , abstract, references , citings, index 

terms 

The problem of obtaining starting values for the Newton-Raphson calculation of Vx on a 
digital computer is considered. It is shown that the conventionally used best uniform 
approximations to Vx do not provide optimal starting values. The problem of obtaining 
optimal starting values is stated, and several basic results are proved. A table of optimal 
polynomial starting values is given. 

Ex perience with an extensible lan guage 
Edgar T. Irons 

January 1970 Communications of the ACM, volume 13 issue i 
Publisher: ACM Press 

Full text available: pdf(1.17 MB) Additional Information: full citation , abstract , references , citin gs 

An operational extensible language system is described. The system and its base 
language are appraised with respect to efficiency, flexibility, and utility for different 
categories of users. 
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^ Techn ica l c ontr ibu t i o n s : Experi enc e with e xte n s i big. , porta ble F o rtra n extens i ons 
A. . James Cook 

September 1976 ACM SIGPLAN Notices, volume u issue 9 
Publisher: ACM Press 

Full text available: pdf( 497.43 KB ) Additional Information: full citation , a bstr act, references , citings 

We assess the impact over a three-year period, of the macro-pre-processor MORTRAN, 
and one of the languages it processes. We confine our assessment to SLAC and Stanford 
since, although MORTRAN has been widely distributed in the United States and to a lesser 
extent in Europe, we have no personal knowledge of its impact elsewhere. The impact is 
attributed to three factors: (1) portability, (2) compatibility (with existing FORTRAN 
libraries), and (3) extensibility, which is sub-divided into (a) ext ... 

Te chnical contr i butions: STRCMACS: an extensive s et o f nnac r os t o ai d in struc tured 
^ prog ramnnin g in 360/370 assenribly lan guage 
^ C. Wrandle Barth 

August 1976 ACM SIGPLAN Notices, volume ii issue 8 

Publisher: ACM Press 

Full text available: ^ pdf(21 9.18 KB ) Additional Information: full cita ti o n, c iti ngs 


14 Prog ramma bl e s yntax macros 
Daniel Weise, Roger Crew 

June 1993 ACM SIGPLAN Notices , Proceedings of the ACM SIGPLAN 1993 conference 
on Programming language design and implementation PLDI '93, volume 28 

Issue 6 
Publisher: ACM Press 

Full text available* "p*! pdftLPQ MB) Additional Information: full citation , ab stract , refer ences , dtjngs, index 

terms 

Lisp has shown that a programmable syntax macro system acts as an adjunct to the 
compiler that gives the programmer important and powerful abstraction facilities not 
provided by the language. Unlike simple token substitution macros, such as are provided 
by CPP (the C preprocessor), syntax macros operate on Abstract Syntax Trees (ASTs). 
Programmable syntax macro systems have not yet been developed for syntactically rich 
languages such as C because rich concrete syntax requires the manual con ... 

To ols: Ex pr essive pro gr ams throu gh presentat i on ex t ension 
Andrew D. Eisenberg, Gregor Kiczales 

March 2007 Proceedings of the 6th international conference on Aspect-oriented 
software development AOSD '07 

Publisher: ACM Press 

Full text available:'^ pdf( 332. 31 KB ) Additional Information: full citation , abstrac t, referenc es, ind ex terms 

Most approaches to programming language extensibility have worked by pairing syntactic 
extension with semantic extension. We present an approach that works through a 
combination of presentation extension and semantic extension. We also present an 
architecture for this approach, an Eclipse-based implementation targeting the Java 
programming language, and examples that show how presentation extension, both with 
and without semantic extension, can make programs more expressive. 

Keywords: MOP, annotations, expressiveness, metadata, metaobject protocol 
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'IB When and how to develop domain-specific lan g ua ge s 
Ay Marjan Mernik, Jan Heering, Anthony M. Sloane 

December 2005 ACM Computing Surveys (CSUR), Volume 37 Issue 4 

Publisher: ACM Press 

Full text available- "Pi pdf(31 8 02 KB) Information: full citation , abstra ct, references , citin gs, index 

■ [AJ : terms 

Donnain-speciflc languages (DSLs) are languages tailored to a specific application domain. 
They offer substantial gains in expressiveness and ease of use compared with general- 
purpose programming languages in their domain of application. DSL development is hard, 
requiring both domain knowledge and language development expertise. Few people have 
both. Not surprisingly, the decision to develop a DSL is often postponed indefinitely, if 
considered at all, and most DSLs never get beyond the applicatio ... 

Keywords: Domain-specific language, application language, domain analysis, language 
development system 


17 MACRO: a pro g rammin g lan g uage 
^ Stephen R. Greenwood 

^ December 1979 ACM SIGPLAN Notices, volume 14 issue 12 
Publisher: ACM Press 

Full text available:*^ pdf ( 1. 41 MB) Additional Information: full citation , references , citing s, index terms 


The theor y of parsi ng, translation , and compilin g 
Alfred V. Aho, Jeffrey D. Ullman 
January 1972 Book 

Publisher: Prentice-Hall, Inc. 

Full text available- "p^ pdf(98 28 MB) Additional Information: full citatio n, abstract , reference s, cit ings, index 
■ „ . terms 

From volume 1 Preface (See Front Matter for full Preface) 

This book is intended for a one or two semester course in compiling theory at the senior 
or graduate level. It is a theoretically oriented treatment of a practical subject. Our 
motivation for making it so is threefold. 

(1) In an area as rapidly changing as Computer Science, sound pedagogy demands that 
courses emphasize ideas, rather than implementation details. It is our hope that the 
algorithms and concepts presen ... 

19 A survey of the systematic use of macros in systems building 
David J. Farber 

October 1971 ACM SIGPLAN Notices , Proceedings of the SIGPLAN symposium on 

Languages for system implementation, volume 6 issue 9 
Publisher: ACM Press 

Full text available* pdf{494 89 KB) A^^'^'*^"^' Information: full citation , abstra ct, references , citin gs, index 
l>j terrns 

Assemblers with macro capabilities have been available for over ten years. There has 
been a limited number of mainly unpublished systematic uses of such capabilities in the 
construction of a variety of systems. This paper will cover a number of these cases. We 
will examine the features of the macro systems which allowed their usage as well as the 
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method used in the system implementation. We will comment on the effect on efficiency 
and flexibility that the use of this facility has produced. < ... 

20 Pointcuts and advice in hi g her-order lan g ua ges 
^ David B. Tucker, Shriram Krishnamurthi 

March 2003 Proceedings of the 2nd international conference on Aspect-oriented 
software development AOSD '03 

Publisher: ACM Press 

Full text available* "Pi pc!f(987 37 KB) A^'^'^'onal Information: full citation , abstract , references , citings, index 
• [Aj_„ : t erms 

Aspect-oriented software design will need to support languages with first-class and 
higher-order procedures, such as Python, Perl, ML and Scheme. These language features 
present both challenges and benefits for aspects. On the one hand, they force the 
designer to carefully address issues of scope that do not arise in first-order languages. On 
the other hand, these distinctions of scope make it possible to define a much richer 
variety of policies than first-order aspect languages permit. In this p ... 
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^ ABSTRACT 

A macro language is proposed. It enables macro processing in high-level programming languages. 
Macro definitions In this language refer to the grammars of the respective programming languages. 
These macros introduce new constructs in programming languages. It Is described how to 
automatically generate macro processors from macro definitions and programming language 
grammars written In the lex-yacc format. Examples of extending high-level languages by means of 
macros are given. 
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powerful. In particular, conditional assembly, nested definitions, and parenthetical notation serve to 
make a compiler capable of accepting very general extensions to its ground language. 


^ REFERENCES 

Note: OCR errors may be found in this Reference List extracted from the full text article. ACM has 
opted to expose the complete List rather than only correct and Jinked references. 

1 M. BARNET, Macro-directive approach to high speed computing. Solid State Physics Research 
Group, MIT, Cambridge, Mass., 1959. 

2 H. B. CURRY AND R. FEYS, Combining Logic, vol, I, North Holland Publishing Co., Amsterdam, 
1958, pp. 62-67. 

3 D. E. EASTWOOD AND M. D, MCILROY, Macro compiler modification of SAP. Bell Telephone 
Laboratories Computation Center, 1959. 

4 Irwin D. Greenwald , A technique for handlin g macro instructio n s . Co mmunicatio n s of the ACM , v. 2 
n.ll, p. 21-22, Nov. 1959 

5 M. HAIGH, Users specification for MICA. SHARE User's Organization for IBM 709 Electronic Data 
Processing Machine SHARE Secretary Distribution SSD-61, C-1462 (1959), pp. 16--63. 


http://portal.acni.org/citation.cfm?id=367223&jmp=abstract&coll=ACM&dl=ACM& 5/7/07 


Macro instruction extensions of compiler languages 


Page 2 of 4 


6 A. ]. Perlis , K. Samelson , Preliminary report: international al g ebraic languag e, Communications 
of the ACM, v.l n.l2 , p. 8-22. Dec. 1958 

7 A. J. PERLIS Quaterly report of the Computation Center, Carnegie Institute of Technology, Oct. 
1959. 

8 REMINGTON-RAND UNIVAC DIVISION, Univac generalized programming. Philadelphia, 1957. 


^ CITED BY 23 

A. Evans , Jr. , A. J. Perlis , H. Van Zoeren , The use of threaded lists in constructin g a combined 
ALGOL and machine-like assembly processor , Communications of th e„ AC M ,,_v .4 n.l , p.36-41 , Jan . 
1961 

William M. Waite, A language independent macro processor, Communications of the ACM, v.lQ n.7. 
p. 433-440, July 1967 

David J. Farber , A survey of the systematic use of macros in systems building, ACM SIGPLAN Notices , 
V.6 n.9, p. 29-36 . October 1971 

A. James Cook , Exp erience w ith extensible , portable Fortran extensions , ACM SIGPLAN Notices , v. 1 1 
n.9, Se ptember 1976 

Tho mas A. Standlsh , Extensibi lit y in progr ammin g langua ge des ign, A CM SIGPLAN. Notices , v.lO n.7 , 
July 1975 

B. M. Leavenworth , Syn tax macros and extended translation , Communicat i ons of the ACM , v. 9 n.ll , 
p. 790-793 , Nov. 1966 

R. W. Floyd , C. N. Mooers , L. P. Deutsche Programming languages for non-numeric processin g — 1 : 
TRAC, a text hand ling la ngu a ge , Proce eding s of the 196 5 20th na tio n a l co nf ere nc e , p. 2 2 9-246 , 
Augu st 24-26, 1965 , Cleveland, Ohio, United States 

Eug ene Kohibecker , Danie l P. Friedman , Matthias Fellelsen , Bruce Duba , Hy gienic macro 
exp ansion . Proceedin g s of the 1986 ACM co nfer ence on LISP and functional pro g rammin g, p.l51- 
16 1 , Au g ust 1986, Cambr i d ge, Massachuset ts, Un ite d S ta tes 

Ja mes E. Emery , Small-scale software com pon ents , ACM SIG5 0FT So f tware En g ineerin g Notes , v. 4 
n.4, p. 18-21 . October 1979 

Mark I. Halpern, Programming Languages: Toward a general processor for programmin g lan guages, 
Communications of the ACM , v. 11 n.l , p. 15-25 , Jan. 1968 

P. C. Poole , W. M. Waite, Machine independent software , Pr oceedings of the second sy m posium on 
O peratin g systems principles , October 20-22 , 1969 , Prin ceton, New Jersey 

N. J. Eiias , A. W. We tzeL Th e IC Module Co m piler , a VLSI system des ig n aid , Pro ceedi ng s of the 20t h 
confe r ence on D esig n automation , p. 46-49 , June 27-29 , 1983 , Miami Beach , Florida , United Stat e s 

Joe M . Thames , Jr., SLA NG a pro blem s olv ing lang ua ge for c o ntin u oy s-m odel si m ulatio n and 
o ptimization , Proceedin g s of the 1969 24th national conferen ce, p. 23-41, August 26-28, 1969 

Dennis M. Ritchie, The development of the C lan guage, ACM SIGPLAN N otices, v. 28 n.3, p. 201-2 08, 


http://portaLacm.org/citation.cfm?id=367223&jmp=abstract&coll=ACM&dl=ACM&CFID=L^ 5/7/07 


Macro instruction extensions of compiler languages 


Page 3 of 4 


March 199 3 

Dennis M. Ritchie , The development of the C progrannnning language, History of prog rammin g 
lanQuaqes— IL ACM Press , New York, NY , 1996 

Eric Van Wyk, Specification langua g es in algebraic compilers . Theoretical Computer Science , v.291 
n.3 , p. 351-38 5, 6 January 2003 

Doug las T. Ross , Orig ins of the AP T language f or automatical ly programm ed too ls, ACM SIGPL AN 
Notice s, V.13 n.8 , p. 61-9 9, August 1978 

Douglas T. Ros s, Ori gins of the AP T l a nguag e for automatical ly prog r a mm e d t ools , History of 
pro g rammin g lan guag es I , ACM Press, New York , NY , 1978 

David Beech , A Structural View of PL /I, ACM Computin g Su rveys (CSUR) , v. 2 n.l , p. 33-6 4, March 
1970 

David A. Fishe r, A survey of control structures in pro gr ammin g languages, ACM SIGPLAN Not ices, v. 7 
n.ll, November 1972 

Mathew N. Matelan , M PAC T : micr o proces sor app lication to control-firmware translator , ACM SIGDA 
New sl etter, v. 5 n.l , p. 13-41, March 1975 

John R. Metzner , A graded bi b liograph y on macro s ystems a nd e xt ensible lang uages, ACM S IGPLAN 
Notices,- V. 14 n.l , p. 57-64 , January 1979 

Jerome Feldman , David Gries , Translator writing systems , Communications of the ACM , v. 11 n.2, 
p. 77-113 , Feb. 1968 

^ Collaborative Colleagues: 

M. Douglas Mcllroy: Jon L, Bentley 

4^ Peer to Peer - Readers of this Article have also read: 

• Data structures for g ua dtree a p proximation and compression Communications of the ACM 
28, 9 

Hanan Samet 


• A hierarchical sin g le-kev-lock access control usin g the Chinese remainder theorem Proceedings 
of the 1992 ACM/SIGAPP Symposium on Applied computing 

Kim S. Lee , Huizhu Lu , D. D. Fisher 

• The GemStone ob je ct database management sy stem Communications of the ACM 34, 10 
Paul Butterworth , Allen Otis , Jacob Stein 

• Puttin g innovation t o w o rk: a do ption strate g ies for multimedia com m unication systems 
Communications of the ACM 34,12 

Ellen Francik , Susan Ehriich Rudman , Donna Cooper , Stephen Levine 

• An intelligent component database for behavioral synthesis Proceedings of the 27th 
ACM/IEEE conference on Design automation 

Gwo-Dong Chen , Daniel D. Gajski 


http://portal.acm.org/citationxfm?id=367223&jmp=abstract&coll-ACM&dl=ACM&CF 5/7/07 


Macro instruction extensions of compiler languages Page 4 of 4 


The ACM Portal is published by the Association for Computing Machinery. Copyright © 2007 ACM. Inc. 
Terms of Us age Privacy Polic y Code of Ethics Contact Us 

Useful downloads: Adobe Acrobat Q uickTime iQ Window s M edia Pla yer ^> Real Play er 


http://portal.acm.org/citationxfm?id=367223&jmp=abstract&coll=ACM&dl=ACM&CFID=l... 5/7/07 


extensible macro language >1997 - Google Search 


Page 1 of 2 


Sign in 


Goog le 


Web Images Video New s Map s more » 


[extensible macro language >1997 


Search 


Advanced Search 
Preferences 


Web 


Results 141 - 150 of about 214,000 for extensible macro la n guage >1997. (0.13 seconds) 


[PDF] Designing Extensible IP Router Software 
File Format: PDF/Adobe Acrobat - View as HTML 

within such a macro-stage. XORP thus further decom- ... XRLs to be called from any 
scripting language via a sim- ... 7007 explanation and apology, 1997. ... 
, www.xorp.org/papers/xorp-nsdi.pdf - S i milar pag es 

[PDF] Little Lang uag es and their Pro g ramnnin g Environnnents 
File Format: PDF/Adobe Acrobat - View as HTML 

XML (for "extensible Markup Language") is a proposed standard for a ... Instead, Scheme 
may implement let with a macro that elaborates each use of the form ... 

www.brinckerhoff.org/JBCsite/papers/mw01-cgkf.pdf - Si m il ar pag e s 

[PDF] Static Analysis for Syntax Ob j ects 
File Format: PDF/Adobe Acrobat - View as HTML 

guagesj: Language Classifications— extensible languages, macro ... nipulation, pages 
203-217, New York, NY, USA. 1997. ACM Press. ... 

www-static.cc.gatech.edu/-shivers/papers/ziggurat.pdf - Simjjai' Rages 

Languages for the Java VM 

Jickle is similar to a macro language for applications. ... Extensible semantics is a 
distinguishing feature of Lua. ... 

flp.cs.tu-berltn.de/^'tolk/vmlanguages.html - 102k - Cached - SjmjlaLpages 

[PDF] Abstract 1 Introduction 2 Outline of Extensible Java Pre- pr ocessor EPP 
File Format: PDF/Adobe Acrobat - View as HTML 

for language researchers; a framework for extensible. Java implementation; and a 
framework for a Java ... parsing, macro expansion of extended syntax, and ... 
staff.aist.go.jp/y-ichisugi/epp/edoc/epp-parser.pdf - Similar pages 

[Paper] A n Extensible Data Mining and Pattern Reco g nition System 
Inside integration models, of the architectures that handle several tools defined in [4], the 
extensible system proposed works in the Macro level. ... 
www. actapress.com/PDFV!ewer.aspx?paperld=1 4031 - SlmjlaLpage^^ 

JOT: Journal of Object Technology - BON-CASE: An Extensible CASE ... 
We describe BON-CASE, an extensible tool for the BON modelling language. ... One 
example of this is the U2B macro package [24], which translates UML models ... 

www.jot.fm/issues/issue_2002_08/article5 - 63k - Cached - SimilaLpages 

[PDF] Hey. You Got Your Language In My Operating System! 
File Format: PDF/Adobe Acrobat - View as HTML 

The drive toward extensible operating systems can. be viewed as trying to make the 
operating system as. flexible as a language/library environment. Features ... 

ftp://ftpxs.dartmouth.edu/TR/TR98-340.pdf - Sjmilax^^^^^ 

WWW-Talk Apr-Jun 1994: Re: Concerns about HTML+ complexi ty ( examp le) 
It's extremely extensible. Each visual element (possibly each geometry ... There should be 
a simple macro language to do the conversion: ... 

1997.webhistory.org/www.lists/www-talk.1994q2/1059.html - 8k - Cached - Si m ilar pages 


http://vvvm.google.com/search?q=extensible+niacro+language+%3E1997&hl=en&rls=GGL 5/7/07 


extensible macro language >1997 - Google Search 


Page 2 of 2 


Introduction to the Unix shell history 

Tel was first scripting language designed to be a macro language for other ... Like Tel, 
ksh93 is extensible and embeddable with a C language API. ... 
www.softpanorama,org/People/Shell_giants/introduction.shtml - 22k - 
Cached - Si mila r pages 


Result Page: Prev iou s 5 6 7 8 9 1011 1^131415161718192021222324 Next 


[extensible macro language >1997 Search | 
Search within results | Languag e Tools | Search Ti ps 

Google Home - Advertising Programs - Business Solutions - About Google 

©2007 Google 


http://www.googlexom/search?q=extensible+macro+language+%3E1997&hl=en&rls==GG 


5/7/07 


A model of extensible language systems 


Page 1 of 2 



Search: The ACM Digital Library C. The Guide 


Subscr ibe (Full Service) R e gister (Limited Service, Free) Login 



USPTO 



■ Feed b a ck Report a prob l em Satisfaction 
surve y 


A model of extensible language systems 

Full text "glPdf (333 KB) 


Source Proceedings of the international symposium on Extensible languages table of contents 


Sponsor SI GPLAN : ACM Special Interest Group on Programming Languages 
Publisher ACM Press New York. ny. usa 

Additional Information: abstract cited by index terms 

Tools and Actions: Fi nd sim ilar Ar t i cle s R evi ew th is Ar ticle 

Save this Article to a Binder Display Formats: BibTex EndNote ACM Ref 

DOI Bookmark: Use this link to bookmark this Article: htt p://do i. acm . org/i 0.1 1 45/80 0 0 06.80 7 977 


^ ABSTRACT 

At the present time the subject of extensible languages appears to suffer from the lack of any central 
coherent framework to knit together the many pieces of individual work that are being done. This 
paper is an attempt, therefore, to fill that lack. What appears to be required is some central 
conceptual model or paradigm of languages and language extensibility onto which framework we can 
hang all these pieces of work. This paper, therefore, contains of four main points:- * The description 
of a very simple model of formal machine languages and their operation. * A discussion of the 
generality of this model. * A discussion of the usefulness of this model for the study of extensible 
languages. * An illustration of the application of the model by reference to an on-going 
Implementation at the IBM (UK) Scientific Centre. 


^ CITED BY 

John R. Metzner , A g raded biblio graph y on macro systems and exte n sible lan guages, ACM SIGPLAN 
Notices, V.14 n.l, p.57-64 , Janua r y 1979 


^ INDEX TERMS 

Primary Classification: 

D. Spftyyaxe 

^ D.3 P R OGRAMM ING L ANGU A GES 
^ D.3. 2 Language Clas sification s 


Grenoble, France 
Pages: 29 - 38 
Year of Publication: 1971 
Also published in ... 


Author 


M. G. Notle v Scientific Centre, IBM (UK) Ltd. Neville Road, Peterlee. Co Durham 


What is 3 DOI? 


http://portal.acm.org/citation,cfm?id-807977&jmp=abstract&coll=ACM&dl=ACM&CT 5/7/07 


A model of extensible language systems 


Page 2 of 2 


Subjects: Extensi ble lan g ua ges 


General Terms: 

Languages 

'^ This Article has also been published in: 

• ACIVI S IGP LAN Not ices 

Volume 6 . Issu e 12 D ecember 1 971 


The ACM Portal is published by the Association for Computing Machinery. Copyright © 2007 ACM, Inc. 
Terms of Usage Privac y Po licy Code of Ethics Con ta ct Us 

Useful downloads: Q Adobe Acrobat QuickT ime Windows Med ia Player ^ > Real Pla yer 


http://portal.acm.org/citation.cfm?id=807977&jmp=abstract&coll=ACM&dl=ACM&CFID=l... 5/7/07 


3. Sruixfi KXpiMcssioNs (S) 

S (S) 

S (n, <tcttt) 

K( ), where T i$ a ay function dofimm^ a siring vmUig 
ST 

^ STa @ ST- CotK;!i(,isn:Ufi striiig ST.; to end of siring '^Ti 
STi G BTii Remove all HT^ sl,fint5s from st rtJig ST; 

^ ST © SY Acid symltol t^Y to end of string ST 

SV fB ST Add nymljol SY to begin niti(i of striti^ ST 

4. Stuin'g FuNCriON.s 


RfOrcscntatuMi 

Norm (ST) . , . , 

OCTNS (ST, I). 
i'TUST (ST) . . . . 


SUB (ST. 11, i2) 
VOy (ST, SY). . 


Norm 


("let nl li Kvmbol 

Kii'iit aymhol of 

SirBSTFtTNG 
y'mii oueur 

rciicc ot syin- 

hoi 


1 Class of, 

; Value ; Description of Value 
■ Defmcdi 


Positive integer 
oqiini to the num- 
her of Hvniboijf in 
th« string ST. 

I-t h Hvird:)i»l u'i alviDn: 
ST 

Oi:;TNS (S'l\ I) 


At (I) 

TrauHrorm an 


integer to a 


string 

Ki im 

Truusform a 


stfiii^ to iia 


integer 


SY 
SY 

I 


~ iiH dofiiKsd ill [11 
ff the; syiidiot HY is 
In the .sti-itvg ST, 
then the value de- 
fined is an iutcj^er 
cqiud to tlm posi- 
tion \*'hicli the firnt 
8Y(K;cii|)ic>;oihf!r- 
uiKii the vahie is 
?,ei'o. 


i 


5, PuOCKDfjKKS 


Call 


^TUvKS (ST) ■ Froe^^trinj; 

RKMNS (ST. I. liemove l-th 

Hvmbol 


IH)[XT (Sn\ lu .. . Set poiMtoi 


SKq (l-:. KY, f.) 


Scqviniu?e 


INSKT (ST. I, SY).../ IXSEttT 


RFdVt.S (ST, SYi.S^'.) 


RPLST (ST\.SY;ST,) 


Ixit by .syni- 

l)Ol 

Ueplace sym- 
• l.>(»l by 
Htrintj; 


ST yULl.STUiNG 
Set SYefjUul to tho Uh 

symbol of strini/, 
Remove T-th symhSi 

from siring; ST. 
Sot intfif^Cir U to d(?sig. 

nato the Tt.h syuvbol 

of iitri-ng ST. 
Set Hyniljol SY *'a\ul\\ to 

ihe symbol \v\\u:\\ \. 

dosignatefi j\nd -^A- 

vaaco U U) the ntrx-i 

syinlx)! in the rsuiisj;. 

ft ihe |)ro((;d\irr: 

otiiled lifter 

[>ii.s.sed the lu--:* >^}v.i- 

bnl of the .string, 

transfer tf> Htutomf^iu 

INSlvRT the symbol ^JV 
betwi'.eu Uio f-tli ujkI 
the ([ 4- iVili .sym- 
bol-s of thti s( riijg 6T 
r:o that: SN* becoins* 
thn (l^M)-th i>y uM 
of striuii!;. 
W lie rover this ^ymm 
\ S\\ o<^eurs in ■'^Wm 
j ST. rephu'o it hv il;? 

s>ynil:>o^ SYv. 
i Wherever I ho aynM 
I SY, occur;^ in .string 
I S'l\, rcphuo il Ity iht 
I .strint? STv. 


REKiniKXCl-: 

1. JrLfioX ClHKi-iN K-r .\.L. Rfunark.^ on Ai-GOi. and .symbol mnnipiil^ 
i.i on, (J<m n < . A -ss oc . C(*fi t p . ^ I ach . .9 , N o . V» ( Se p t - I ^t6*.t ) . 


Macro Instruction Extensions of Compiler Languages 

M, DouGi.AS Mclt.uov, JMl Telephone Laboratories, Inc., Murrau Hill, New Jcracil 


AhsUact. MiU.'r(nnKt,nn:tion compiles constructed from a 
small sot of funotione can be made estremcly powerful. In partic- 
\dar, conditiounl as.-icmbly, nested definitions, and parenthtttic.al 
notation serve to make a compiler capable of acceptiag very 
general hxtettHions to its yroutul language. 

1, Informal Developmcnl 

The idea of macromstruotions is not new. Many existing 
compilers pen nit macros in forms more or less aophisti- 
caled. Complex macro operations, however > are ofteii 
quite laborious to incorj>OL'ate in a programming system 


because special purpose generators must be btiilt iO hm^w 
each addition. It is our aim to show a limited set of him> 
tions readily iniplemented tor a wide variety of prognim' 
ing systems \^'hich con.stiv-ntc a powerful tool for cxteiuling 
source languages conveniently aud at will. Onv develop- 
ment vnW be for the most, part informal, avoiding teohmca^. 
detail, VVe will illu.^tnite ideas with an informal coutpiK 
as we go along leaving one formal realization ha&ml^^: 
Algol for the appeiidix. As a rsource of examples, we hay^^ 
chosen the familiar field of algebraic translation. 
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At ba.:^e. !i ni:u:roiii>;lruoli(.i. is simply a p:ureni For ;ui 
.,pcn siibmuiinc:. For oxample, a ;siMg}e.addivsis ninrhin- 
bo coivvortecl in appoar;inc(> ro a throe-addn^^^^ 
;n:if')ijii(^ by defining a set. of uuicro^ ::nch 

ADD, A, B. C ^ FKTCH. A 

^T(.)im:::. c 

]ji ii) the idontit.y r^igu, i;^ asocl lo .sepai-aiu the defiiv 
sfiidum on Uic l(;fi from the dcanieii? on the riiciit. The 
first (.oinponeni. — auu-— on I he loft tuunos tho luacro bciu<; 
deiincd a^^ a runcuou of the cUiinmy parair.otorj^ spocitied 
in- the reinainiitg coirijXjnciUs, A, B aiui C, A compiler 
tlf-sit^nicd to accept nmcro (ieHnUioiis could read (1) and 
rhon'foi'C properly a>>sfM^)blo any macro call .-unh a.- 

ADD,X, \\ Z (2) 

].!. i'tjmmidcd Di'Jbiiiitm-^. An obvious ex i en si on of tliis 
^inipie raaero cornpiier is to allow now definiiiotis in terms 
of okl in 

CX)MlM.t;XADD, A. Ii, C ^ ADD, A, \\ C 

ADD , A -f- 1, B + 1. C -i- I 

wliich ilcfiiios tln-0(i-addres>s addition rtf eoniplex nntnbfis 
whose real and imaginary parts? are stored sequentially in 
ti-rms of real three-addrefi^s addition . 

i .2 . (Uxndilionai- Macros , U 1 1 1- i 1 ['Oee ni l y , nun • vo v. o n 1 1 > i lo; r.s 
did not g;row beyond ibis level of sophisi ir;i! ion, bu( sot^h 
a co[i:])tk;r is weak and inflexible. For exarnplo, a pro- 
firanniior nsin«; the three-ad dre.s^> add it-ion of (I) would 
bo inosi unhappy if he had to st ore a result in C fliaf wa-S 
iniendod to be u.sed only in Ibe very next, instruetion. In 
<;ir<|i.:r to add F 4- Q 4- K and store the result in 8, ho 
uould like to make a eall .such ris 

adl),;i:',q;acc 

ADD,ACC, B 

wiu:ro AGO is used to refer to the accumulator as a .^peoial 
adtlrew. The compiler should recognizo this special sym- 
bol and eonstruct eod(; appropriately. Such conditional 
assembly might be specified in the definition 

fif A is not ACXJ 
ADD,A, B,C- {pCTGn,A 

ADD, B (^) 
fif is not ACC 

\sTOirfi:. C 

<-nveii ihis dodriition, the compilor would pnxluee efficient . 
<-ode ti-om the adl (3), purged of redundaid:. STonru and 
••mn itrstructions: 

I^ETGH, F 
ADD, Q 
ADD. B 
STORE, B. 

an actual nmchine-language compiler, one would 
'l^-'Vi^^o a standard shortimnd notation for die conditions- 
(-i). but that is inessenUal to this ciiscu.s.sion. 


t'nes within a mari'o drhniiioTi proves buihef^ome in 
ea^es such as 

ON'KHDRAW. X. V.. AC'VUVS, Z FK'IX;tl, ,X 

FLlXfFMP. 2 

X: vuipiy lint- of 

liere ihv bibci iuusf W su]}plied as a |)iu-umeir"r ni orUrr 
to a^ssinv (Itat ii jieis a unique n^une e^irh rinie *>VKU. 
DRAW is ealled- hni, siui-e tli*^ lai^el has no %nitiranmi 
outside the maen), its naiuiug sfanild e,ot Ix* of (.^umni n> 
ihe projiranuot-r. Th-s i>r^:ir>iejn fnny Iwr lituidlMfl hy pri>- 
\-iding a raeehanisni *o.»i-realt? nnnies, fur e'>cample 

<)Vt:Ri)RA\V. X, V. An'lON m rnrat Z 

FKTCft, X 

pi.uaruMF, 'I 

AGTtt)N 
/; eirijiiy iie.e iHl' * i«ie 

LVt^jileil names nill |:^fneniied ruKjUiMUiaUy uh nei'ik^d 
from soit)e :<peeia] aiphul.H;) idiat th<^ prograanner W ft>r- 
bidden to usn. 

\A. On fiipin (J hi/ f ^nmi ikm-^ . Thv txim i plr i 1 1 u?t 1 1*^^ 
another dilVuaiUy hi our shupU) eoinvali-t": i^npp^*.^*; the 
prognuntnta' \\'ishes to pm i^KrcKHo, x to pbre of ^cru*^. 
in order avoid anibiguiiy in the cuU, mnw indir^iurtu of 
grouping recjuired. Fii,renihese^^i are Mm\ to Heemupii^^h 
this: 

OYI-;i<DRAW, X, W (BFTZFRt), X) 
ParenthoBi::^ .so tvm\i in .Miandard itotution for ooive- 
pounding functiot^y. 

A sinvple utget>raie trnn?*lator can b*^ buiU imm the 
nuwa-o compiler a^ alrea<iy deseribf^b For i^^JCUiripl*^ <m 
imghl detine 

A Ffrrcii.A 

etc, 

SFT,X, V ^ Y 

STOf^F. X 

HUM, X, Y ^ X 

STOK 1* 
T: redefine to be 7 d- I 
Y 

T: red*:hiie (O be T - 1 
ADO. T 

cm, X ^ X 

Si;BJi'Mi\ c;t>s 

Die maehiue is uHi*umed to have r^ ''^u^.rotttine 
operation, SUIi-iUM F, th»: compiler i::^ a^i^^umed U> hiive^^ 
pseudo-opemtioM "rcdotine" ihat allows one , to nuniny 
eqi 

storage 


ecvuivftlenirei^ of f^ymbols dnring (ton^pilution. A bloe^k of 
stora-e mu^ft ^xave lxrer> >^<n u4de at iocalion 'I for (^hv 
pora IT, storage of interna^diate reHuIi^*- Hepetiuve re^lehm- 

Co»nriiUfiii:wti««t** .*f the AOl 


tion of T accomplishes ovei'lapp'mg i^nt- noninterferiiig 
use of this temporary storaj^e. 

With the definitions (6) one may write :suii:ii;tiStivo culls 
in functional notation, for example 

SET, C, (SUM, A (COS, (STIM, A, B))) (7) 
means in Au;ol notation 

C: - A + cos (A -f- B) 

The coding produced from the call (7) by our ''alj^cbraic 
translator'' is shown in figure 1. 

The scope of each macro is indicated to the right (..)" the 
code. This naive tiansUii^r produces inefficient code, liut 
one could take advanUige of conditional assembly niacros 
to improve it. 'I'hus the macro sum is more iidvantageoiisly 
defined by 

SUM, X, Y - f if Y is a symbol 

1 ADD, Y 

if Y is not a symbol 
X 

STORE. T (8) 
T: redefine T + 1 
Y 

T: redcifme T — 1 
ADD, T 

Such ideas may be elaborated at will. 

1.5. Nested Definitions. Among the definitions ((>) was 
included for each variable a defmition such as a ^ t crrcn, 
vV. The programmer must remember to make a definition 
like this for every variable storage name; lie assigned. 
Since the pattern is well fixed, why not let the macro 
compiler do the work. Assignment of variable storage and 
definition of the associated macro can be done sinud- 
taneously by 

VARIABr.E, A - A: reserve 1 U)) 
A FETCH, A 

where "reserve n" is a pseudo-operation to set iusido n 
storage locations. Buried within the defmition for v,\ui- 
ABLE is a second defmition scheme that produces a new 
defmition as a result of every call for VARiAULii:. The 
programmer is now insulated from the internal mechanism 
of the translator. However, he is still saddled with repeti- 
tive work in writing 

VARIABLE, X 
VATIIABEE, Y 
etc. 

He may be relieved of this burden by adding an iterative 
feature to the compiler, say in the form 

VARIABLES, X - repeat over X 

VARIABLE, X ^""^ 

where '^repeat over X" says that X is expected to be a 


FETCH, A 


A 


V\ viMiuc to be j I I 

! Sl'.vr j SL'M 

I COS ! 


T; rfid«(iiie to be T ~ 1 

FBTCH, B " ^ p' 

T: rtidcliue io U; T - 1 T 

ADD, 

SriBJirAflV CiV^. 
T: rcclcano to be T -■ i 

ADD, T 

KTOUK, C" '" 


list uud that the macro should be expanded over and over I 
for each entry on ilie list until it is exhausted. Thus | 

VARIABLES (X, Y, Z) (11) j 

is equivalent to the sequence of calls | 

VARIABLt;, X \ 
VARIAliLE, Y \ 
VARIABLE, Z ; 

2, Varying Luriguugc Styles . ; 

The new a;^pect of a source lan}j;uage to which dcfini^ , 
tions have biieii added may be termed a dcjvmUand ] 
tamon of that langua-e. This term is borrowed from U^^ ■ 
(Curry). A macro compiler is seen to be nothm^ m^m 
than a machi.it^ for performing logical reductions frurn di*^ 
extended language to the ground langu^me. Su^ce the rulw 
for reduction are not part of the ground languaj^c, a rnucr. 
compiler might be made to yield as output any one of n 
large class of j^rohnd languages, it appears ihia mo^i 
cxi.^ting machine-input languages might l>e sut)?unu>. 
under a properly dcsipied macro compiler thai. couW 
fairly readily implemented. (A^ a particular exaniplo. th. 
autlmr has' produced FoimuN algebraic compiler lan- 
guage as output from a relatively naive 
for the Sav machine assen»bly language on the IBiVniH.. 

The principal problem in implementing a compiler 
varying ground languages is making the extensions ol 
lantruages appear natural to users of each. This man 
a question of adopting the cjompiler^s method of soann j 
to accept input in ground language style. As an am _ 
dividend such a eon.piler will free the tight ^^Y^^' ^ ^ 
tions of any one ground language, allownig great latmi.. 
in specifving the appearance of its extensions. 

Scanners included in most compilers work m one 
two quite simple fashions, usually called fixed and vurn^n 
held scanning. The former method, gradually losm, ^ 
portance by comparison to variable held f^''""^ -^, 
bo neglected in this discussion. Variable held soaninr^ 
involves extracting linguistic elemtmts as blocks ot 
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act er? P ^ -^V . ^se le c t ot i b 5 'c; vl; cl laxa c t e i -s . Broa k 

rlmrartevi: nia}^ serve laereK* seporatnrs (e.g., conimas 
to iiulicate parallel r>tructure), as mgnn denoi'mg a. trcat- 
nto.nt io be perforined 011 tho soparatod blocks; (e.g., the 
operation signs in alpha — ]jkta -f gamma), or as de- 
limilevs (paired paroulhfc;ses) to impose tree struct-ure oa 
otherwise linear l.exU Oociusionally break ''chanicters" 
niLvy ootually be blocks such a.-- the begin and oiul de- 
limiters in Algol, but this obvious extension is not Imrd 
to handle. 

Typical operation of a seamier consists in scantiiiij?; to 
iho ncxL break chanicter to isokite a linguistic element 
and then performing .some action signified by the bi'eak 
eharacler or by the isolated clement. High flexibility of 
source, language vStyle may be accomplished simply by 
permitting the set of break characters to be modified. 
Fvu'l her power accrues from including directions as to tho 
interpretation of break characters. Both improvements 
may be bought cheaply in a properly designed macro 
compiler. For example, completely parenthesized alge- 
braic expressions on binary operators might be added to 
tho source langnagc of our informal compiler whoso ground 
language is single-address symbolic machine language as 

follows: 

u-si specify the break characters to be used in decoding 
call? for algebraic macros. This might be done by dedning 
ALGlvBRAIC, a macro that signals the compiler to 
modify its set of break characters 

.'VLGtvl-SIIAIC replace the comma break class by ^^^^ 
, -f* "~ X / == 

then, similarly to (6), defining for each symbol a nvacro 
like ' 


A = X ^ ALG, (X) 
STORE. A 


(13) 


(A^aiu, the programmer may h(i relieved of writing the 
deuvils of such dcfiaitions by burying (13) inside another 
macro.) The macro ALG will write a program for comput- 
ing the value of expression X. As shown In figure 2, ALG 
is quite lengthy, but in execution not prohibitively long 
because large segments are alternatives, so that the whole 
macro will not be executed for any one particular subex- 
pression. Tho. definition is recursive by virtue of the macro 
definition Z ALG, (X) which will cause the first operand 
of a binary operation to be evaluated and the macro call 
T ~ (X) for the s(^cond. We have again used T as the sym- 
bolic address of a zone of temporary storage common to 
all algobiuic expressions. The repeat scatement is used to 
perform a scan of the algebraic expression. The inner defi- 
nition Z ^ ALG, (X) is used as a way to wave the firfct 
operand duriujj; the ecan of the second. Tlie quantity C, 
sin:tply a p^u-amctcr in the ground language, is used to 
determine M^hich operand is currently being examined and 
to remember the break character during the scan of the 
.second. 


ALG, X it' X is not iv symbol go to 5 
FETCII, X 
go to 7 
5; create Z, C 

repeat over X thru 7 
if C is defined go to C 

if bmiik is luit i- go to 8 
C; redefine to bo t 
so to 7 

8: if \}lv.^lk U not - go to 9 
C: redefine to b« 2 

go to 7 
0 : • • • 

[siinilfirly set C 3 for X , 0 « 4 for /I 

G: empty line of code 

T = (X) 
X: redefine to he T -f 1 

Z 

T: rtultiline to be T — 1 

go to C 
1: ADD, T 

go to 7 
2: SUB, T 
go to 7 
3: MULT, T 

gt) to 7 
4:DIV, T 
go to 7 
7: empty line of code 


Fio. 2. A macro for algebraic translation 

It may be useful to regard algebraic translation as a 
special case of macro expansion .--translating a formula 
into machine code is nothing more than recursively placing 
parameters into certain open subroutine patterns. 

For the .sake of clarity, we have not invented symbolism 
for tho various special types of statement usecl in the defi- 
nition, A uniform grammar conformable to that of the 
ground language would be easier to mechanize. It is sufB- 
cient t.o note that there arc only the following types of 
statements pecuhar to macros: 

1. if . . go to n . 

a. go to n 

b. if X is (not) Y go to n 

c. if X is (not) of class Y 

d. if XR Y go to n 

\vhere R is >,=,<, 5^, etc. 

e. if break is (not) X go to n 

2. repeat over X thru n 

3. create X 

4. re]>lace the X break class by Y 

3. Recapitulation 

Having completrcd the informal outline of a macro com- 
piler, let us summariise its salient features: 
L definitinns may contain macro calls 

2. parenthetical notation for compounding calls 

3. conditional assembly 

4. cniated symbols 

5. definitions may contain definition schemata 
G. repecition over a list 
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It.onvs I and 5 arc exai nplcis of a t ami liar propcnsily of 
Tnal;hcinati(*ians to widtai the domain of applj<;ubilil.y of 
any particular coticepi as far as possiblo, Api)licd t.o iiiacros 
f.h(^ pi'iruiiple becomes: Allow anythincj in the body of a dcji- 
nilion that is aauyptabtc ouUtde. It'ciii.s 2, :J, 4 and 0 i.ran.sfor 
the Siimci spirit lo a hif^her level; all arc analogs of r\-pes 
of statoineids found coiivonicrd. in uljL^obraic trM.ii.slator-f, 
but their effect is at compile time rather t hau object time. 
I^arentheticul notation allows compouudint^ of compiler 
fuactioo.-D just as it provided compounding of object func- 
tions in un alf^ebraio irunslator, (Conditional assembly is 
analogous to Anoon if .stateinem,s. (Created symbols serve 
as internal names in much tlie.same way as: thosci }i;enerated 
by al^^ebraic translMtor.s. Itepetition' over a li.st corresponds 
to for sta.l:ements. 'fo i-ecapiiulfj.ie; SMemmla (iffivMuc at 
object Uvw .should have coitnter parts effective, at atinpUe lime. 
Couched in yet another way ; a compiler i^hould include 
within it an interpreter for its source lan^aiage or some- 
thing eciuivalent. 

4. Si^ninoaiiec; of Nested Defnulions 

Surp^6ill^J^ power, i;^' achieved as a result of allowinj^ tfie 
definieus of a macro instruction to include definition 
schemata. 1 Yi vial examples like that of (8) jire easily rmilti-- 
plied; there nesl;ed definitions were used only to save the 
proti;rann'ner obvious repetitive writing. Far more signifi- 
caid. is the use in (ij^ure 2 of i.he hidden macro Z. in cfTecu 
the maci'o definition lieres^^rves as a temporary storage i'oi 
a subexpression while tb(^ scanner slnnilulcd by ''repeat'^ 
isolar.os and translates th(; m^xt- subexpres.sion. In like ways 
nested mattros can be used w accomplish complex symbc*! 
matiipulatinti; tasks within the compiler. tJsini^ this feature 
the author progranuxl a liell Telephone .baljoratories 
compiler (iuistwood) to do symboHc differentiation and lo 
be a universal Turing machine. These demonstrations in 
themselves are of little vaUie'; it is in perforniing symbol 
manipnUivAon tasks incidental t,o new source laiii^uage 
styles that generated macro definitions come to th(i fore. 
Conditional assembly und repetition over a list were of- 
fercid in section as exan\ples of the principle that opera- 
tions (in this ciuse eonditional transfer and indexing) 
elTective at object time should have comUcrparts elTectivc 
ai compile time. Nested definitions turn out not only to 
be ways of generating sets of similar definitions, but also 
to bo the counterpart of the fimdamcntal machine opera- 
tion s^roitK. 

J>. 1 m piemen l a ti oil 

We describe the apparatus that must be added to a com- 
piler to convert it to haitdle macroinstruotions. Kxisting 
scanning meclwmisms can be adapted to examine maci'o 
defmitions, identifying occurrences of dm^iiny parameters, 
and to iuialy/.e the parameter string of a macro call. Only 
. the simplest parenthesis analysis need b(i available— identi- 

' Tlu! Turing muuhine (luinoiKst.riUion dotis provo that itll mn- 
chiiio opt;ral:itnia liave .somt: iiOM^jti in a macro conipUcr, or \n tiiher 
>v'ords that, such a conipilor is gviiv.n\\ purix).se conipuici'. 


1 

fyinji; paired ouicrmost parentheses in macro i;a]ls; ami j 
perhaps identifyintr ji;r(> aping c?f stauanents a.s was imli- 
ciited by brackets in (4). 

A. tabic of'deiinitiona must bo construcvmi, prolxibly in 
a condensfid noiaiion (cf. Greenwald) with occurrences 'j* 
dummy paj'ameters replaced by uniform plaeoholdfr;, 
say (1), (2), (.')), • • • . Fui'ther if t,he scheme of go to sku^ 
ments indicated in figure 2 is to be used, the labels u, 
which they refer must be locatt;d,- 

A generator routine nuist be aviulabie to lake iIk- 
parameter list of a macro call and the definition and Uow. 
these i.o fj;en crate line-by-line coding. Tlie resultant code 
is t\irned over to the compiler for further processing, ju?i 
as if the code bad come from normal input channels. Tiu^ 
generator must be rtjeursive in that it can leave off f>;, 
panding a macro and continue on the imior one whenever 
a macro call is ![|;enerated, rcturniiit!; to the outer mucrr; 
upon completing the inner expansion. j 
Tn their siin|)iest reaiijiation, special statements sut-h rirj 
create and if,..j?o to . . . may be added straight far- j 
wardly to tfie normal complement of compiler statoiapnu. ] 
They would then he generated dnring macro expanfiion \ 
just^like any other line of code. Since these slatcmenvi , 
have meaning only to the macro facility, ihoy might, in- 
stead be identiacid: at definition tinie and specially flagged ] 
in order to speed the generating process. 

Using the logic outlined here, it turns out thai lunhh^ 
special need be dcme in order to allow nested definiuons. 

7. Origins (d these rechniqucs 

1'hough (uost of this article reflects Lore current dunugli- 
out t,he''computing world, priority for a f(;w of the ideas 
eontained here can Ix: assigned to individuals. iMidlnrpn.v 
graining sysrems {liemington-fland Univac) havfi m- 
eluded extensiv(i use of generative techniques, but lypi- 
cally generators were flescribed in ground language. Mucrw 
MS outlined here are in etTect descriptions of such gcnon- 
tors. Their woi-k is done by one generator working iiu*^£- 
pretively from definition schenuxta. Conditional nmcroH 
wore dev'ised independem ly by several persons Ijesaio-^ d)^ 
auUmr within v.he past year. In pai'ticular, A. Perm 
pointed out that algorithms for algebraic translation coi^W. 
be expressed in terms of conditional macros. Sonu?. u^-ej oj 
nested definitions were discovered by the auihor; their fim 
application in symbol manipulation was by J. Bennett, iil:^; 
of Bell Telephone r.aboratories. Repetition over h::is i^' 
to V. Vyssotsky. Perlis also noted that macro compiling 
may be done by routiries to a large degree indcpeiKU>i)i 
ground language. One (existing macro compiler, Mlt- 
(riaigh), though working in only onci gi'ound language i.^ 
physi(;ally separated from its ground-language (^^"^^'^^^^ 
All analyzer of variable-style source languages exists i'* 
the SHADOW routine of M. Barnett, but lacks nu nsr^ 
dated mechanism for incorporating extensions. Crea . 

« a ifi tMtdiciont to loral.H the hibeU ulonu nud not the rc-ferfiKf- 
One may look np the locnrioii of labels at oxpunsion tune, 
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^vinbol:; aiui parenthGtioal notaUoii are obvioii;;^ Ioimis from 
Uio Avoll-known art- of tilgebraic translation, 

J>. Appeiulix 

A.s a ooncrote example of a- macro compiler language of 
die typt; discussed in this aniolo. we do>r:rihc siuih a cotri- 
piler liuilt around Alcuxl. Two w.w doclaraiion-?, iniioro 
aiicl text, are added to tiie already exi.-^iing Au^ol set. 
Existing apparatus sueJi as if, for, begin, end are taken 
over with obvious application in nuicro:s. The I'ov statc- 
luent hi\a been generaU;;ed particularly for convenience in 
inacrofl. The copy slaiernent becomes superfluous as \\h 
work may be done by macros. 

Macro declaration. A macro declaration specifies a 
patt.ern of code wlUi replaceable ideiuiviers to i>e called tor 
by a later macro statement. Eeplaceable (bound) ideuti- 
fiers are of two .sorts, ordinary and created parameters. 

Form: A macro 1(1, I, • • • , I ; F, f, - • ' , 1) 7r 

The identifier before the parentliost^s is the macro name. 
Identifiers within parentheses are parameters, ordinary 
before the semicolon, created after. 

Th(^ toUowing alternative forms are permissible in 
special ciuses: 

(i) uuicro I TT means 
111 tic ro !(;) : = x 

(ii) macro T (1,1, • ,1) := tt nieans 
tiiacro r(r, I, ' • * ,1;) ir 

Tlie symbol tt sfands for a program eoiisisLiiig of one 
Ai.cavT; statenient or a secpience of Algol staiements de- 
limited by begin and ciui or by bej^in and end I, where 
j is i.he macro name. If text does not appear explicitly in 
TT. its presence is assumed. Macro definitions are dynami- 
cally replaeeid)le. 
' I e X t Dadaration , 

Form: text, ir 

VVit.hin a macro, a text declaration specifies portions o^ 
[program that are to replace the macro when it is called. 
Pans oi" a definition outside text are inter[)ret.ed as in- 
structions to the compiler. 

A macro statement is a call for an already defined 
macro. 

Form: I(X, X, , X) 

The sirhifcs, X, of symbols are substituted for appearances 
of corresponding ordinary paran\et.ers through the defuii- 
tion. Outermost parentheses are stripped from each X 
before substitution. 'I'his substituted segment; function- 
ally replaces the macro statement in the program, 
GeneralizfA for Statement. 

Form: X ^- for I := X, X, • • - , X, I - X, X. 

, r := X, X, .Xtt 

t-et the number of X's associated with each identifier 1 
be n. Then tlie program tt is to be repeated n times with 
tho occurrences of each 1 replaced In turn by successive 


X's from its a.ssociat.ed list. (X may stand for any kind of 
Algol object, provide<l only that it niakes sense to place 
it for an occurrence of 1.) 

'The following example shows two ways of defining tlie 
Algol alternative statement using macros. In the first 
way, ''alternative" will be used in. a foi-ni such as 

alternative ((a > 0, a < 0, a = 0), 

(y :-a T2, y := a ~ 2, y := 0)) 

nteaning assign the values a + 2, a — 2, or 0 to y according 
as a is positive^ negative, or zero. .Mrernative has two 
parameters, t^he firsts a list of conditions, the second a list 
of outcomes associated with the conditions 

macro alternative (B» S; X, Y, Z) : — 
begin 
forX:=B, Y := S 
text if X 

begin Y ; go to Z cud 
text Z; 
cud alternative 

The second' way of defining alternative makes it a one- 
parameter macro, that parameter being a list of grouped 
conditions and outcomes. Tt would be used after the 
fashion ; 

alternative (({a > 0, yields, y := a 4- 2), 
(a < 0, yields, y a - 2), 
(a - 0, yields y :- 0))) 

The i»oisc word ''yields" has been added for the sake of 
Uleracy. ilad ^ome scanner-modifyhig apparatus been in- 
cluded in the specifications of Algol, nui&inccs such xs 
the commas arotnid "yields" and the extra pair of paren- 
theses might have been eliminated. This version of alterna- 
tive is defined by a two- level declaration : 

macro alternative (BS; X, Y) 

for X BS 

text subaltern (X, Y) 
text Y; 
end 

macro subaltern (B, yields, S, Y) 
if B begin S; go to Y end 
A simple variant on the inner macro subaltern provides 
the possibility of statements like 

alternative (((a > 0, yields, y := a 4- 2), 
(a < 0, yields, y : = a - 2), 
(otherwise, y 0))) 
macro subaltern (B, Z, S, Y) 
begin 
if B - ''otherwise" 

text Z 
if B ^ ''otherwise" 

text S 
text go to Y 
' end subaltern 
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Proving Theorems by Pattern Recognition I 

H.vo Wang, Bell I'elephone LaboralorteSj Murray ffUl, ^ao Jf^smj* 


1. Tiili'oflijction 

CerUiiu prelimiimry results on doing matliernaUcs by 
maohiaes (''mechanical matUeiaatics*') were reported in 
an earlier paper [20]. The writer sui^xti^^kd developing 
infoj'ontiHl analysis as a branch of applied loftic and a.s a 
sister discipline of /lumericai aiialysis. This analof<y rests 
on the basic distinction of pure existence proofs, elegant 
procedures which in theory always terminate, and efli- 
eient proeedurea which are more complex to describe but 
fran more feasibly be carried out in practice. In contrast 
with pure logic^ the chief emphasis of inferential analysis 
is on the cifFiciency of algorithms^ which is usually at- 
trained by paying a gre^it deal more attention to the 
detailed structures of the problems and their solutions, 
to take advantage of possible systematic short cuts. The 
possibilities of much more elaborate ealeulations by 
machines provide an incentive to studying a group of 
rather minute questions whicli were formerly rtigarded 
as of small theoretical interest. Allien the range of actual 
human computMion was narrow, there stjeaied little 
point in obtaining faster procedures wliieh were still far 
beyond what was feasible. Furthermore, on account of 
the versatility of machines, it now appears that as more 
piTigi^ess is made, strategics in tlie search for proofs, or 
what are often called heuristic methods, will al.so gradu- 
ally become part of the subject matter of inferential 
analysis. An analogous situation in numerical a.nalysis 
would be, for example, to make the machine choose to 
apply different tricks such as taking the Fourier transform 
to obtain a solution of some difTereutial equation. 

The present paper is devoted to a report on further 
results by machin(is and an outUne of a fairly concrete 
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plan for carrying ttu; work to moi'c difficult region.^. A 
fundamentally new feature beyond the previous papor 
suggestion to replace (essentially exhaustive methocts by g 
study of the patterns according to which exten.sion;s in- 
volved in the search for a proof (or disproof) are continue!. 
The writer feels that the use of pattern recognition, whkh 
is in the cases relevant here quite directly niechauiz.<^bi*:, 
will greatly extend the range of theorems pravrii>lo by 
machines. 

As is to be expected, the actual realization of the plui^ 
requires a large amount of detailed work in coding \xn<\ 
its more immediate preparations. The mactune piogr^ra 
P completed so far on an IBM 704 contains only li ground- 
woi'k for developing the method of pattern re(.:ognition. 
It already is nithor im]-)ressive insofar as ordinary logic 
concerned but ban yet a long way to go before trnly sig* 
nificant mathematical theorenus can be proved. i*'or os- 
ample, the* program P has to be extended in several lw->^<* 
directions before a proof can be obtained for the theon^fi^ 
that the square root of 2 is not a rational number. On. 
the other iiand, theorems in the logical calculus can I'C 
proved very quickly by I*. There are in PHiicipia Matk- 
malica altogether over 350 theorems strictly in the domain 
of logic, viz., the predicate calculuR with equality, faiiiJi^ 
in 9 chapters (1 to 13, since there are no 0. 
and since 12 contains no theorems). The totality of th*'^- 
is proved with detailed proofs printed out by the progKi»^^; 
P in about 8.4 minutes. To prove these thec»rems, ody 
about half—and the easier Iialf— of P is needed. The otht^ 
half of P can prove and disprove considerably hardc^^ 
statements and provides at the same time groundworl^^ 
for handling all inferential statements. This program * 
will be described in section 2. 

Since the central method to be discussed is primari^^ 
concerned with the predicate calculus, its wider siga'^* 
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